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A Facile Route to Hydrophilic Ionic Liquids 
Alexandra Alvarez Fernandez,a Marcel J. A. van Dongen,a Daniel Blanco-Aniaa 
and Paul H. J. Kouwer*a  

Ionic liquids, organic room-temperature molten salts have percolated into many fields of science. A 

major problem for many applications, however, is caused by the commonly fluorinated anion, that on 

contact with water decomposes to release HF. Ionic liquids with hydrophilic anions do not have these 

problems. In addition, because of their tuneable hydrophilicity, they interface better with 

biotechnology, providing a route to truly ‘tuneable water.’ Currently available synthetic routes, 

however, contain strong disadvantages which may have caused the underexposure of this class of 

ionic liquids. In this manuscript, we provide a novel facile route to ionic liquid crystals with different 

hydrophilic anions, yielding pure materials as a result of our very mild reaction conditions. Our generic 

approach may be used to prepare conventional ionic liquids, but also provides access to functionalised 

ionic liquids. 

Introduction 

Ionic liquids (ILs) are organic materials with melting points 
below 100 °C, but more commonly below room temperature. 
As the properties of both the cation and anion can be tuned 
independently, they are highly customisable solvents.1 Their 
ionic nature yields a negligible vapour pressure,2 which initially 
captured the interest of industry to replace volatile organic 
compounds (VOCs) with ILs as ‘green’ solvents.3 Nowadays, 
however, many additional fields of science utilised the 
advantages that ILs offer,4 In fact, they are now commercially 
applied in separation technology, as cellulose solvents, paint 
additives and in batteries and solar cells that use their electro-
chemical properties.5 Besides their use as merely advanced 
solvents, ILs can readily be functionalised to actively 
participate in their application, for instance as a catalyst or to 
tether a catalyst to the IL. The potential of this class of 
functional ILs, commonly referred to as task-specific ionic 
liquids6 (TSILs) is rapidly developing judging by their 
expanding application range in, f.i. (bio)catalysis,1a,4a,7,8 
electrochemical cells,9 actuators10 and gas absorption.11  
The development in ionic liquids has primarily focused on 
hydrophobic (often BF4

–, PF6
– and Tf2N

–) and halide anions.1 In 
aqueous environments many of these fluorine containing anions 
degrade, resulting in HF formation, a process also contributing 
to the toxicity effects observed for these materials.5,12 ILs with 
hydrophilic anions such as carboxylates or amino acid 
derivatives13 avoid such problems and interface more naturally 
with biotechnology. In addition, hydrophilic ILs have recently 
successfully been developed for aqueous biphasic liquid-liquid 

separation techniques.14 They are, however, much more 
challenging to obtain in acceptably pure grades. Currently, two 
major synthetic approaches are applied in the synthesis of such 
ILs; both have major disadvantages.15 One approach relies on 
anion metathesis from hydroxides,13,16 which are not stable and 
result in impure final products.11c,17 The other approach uses 
carbonate-based processes.18 Although this route yields stable 
precursors, their preparation requires thermally demanding 
conditions and exclude common substitution patterns and many 
functional groups. For instance, the alkyl carbonate-based 
CBIL© process18c allows no substituents at the reactive C(2) 
position in of the commonly used imidazolium ILs, despite the 
universally accepted instability of the attached proton.11c,19 
Alternative routes invariably require stringent purification 
procedures, which are difficult for ILs in general but even more 
so for hydrophilic ones, as the ionic byproducts are partially 
soluble in the main product. For instance, commonly found 
trace impurities are halides that have shown to produce inactive 
catalyst species or irreproducible results due to varying levels 
between different batches of the same material.20  
In order to reliably access this class of hydrophilic ionic liquids 
alternative synthetic approaches are needed which (a) are 
quantitative chemical transformations, avoiding cumbersome 
purification processes; (b) do not rely on halide exchange, 
avoiding trace ionic impurities; or (c) avoid ionic impurities 
altogether.   
In this work, we present a novel route to hydrophilic ILs, 
yielding clean products solely using very mild conditions. We 
designed versatile generic ionic precursors that can be reacted 
to yield conventional ionic liquids, but can also be used to 
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introduce functional groups establishing a mild route to 
hydrophilic TSILs. The precursors 1–3 (Scheme 1) are readily 
available from commercial starting materials in a mild one-step 
reaction; they are stable over time, pure and halogen-free. The 
reduction of the precursor provides conventional 1-ethyl-2,3-di-
methylimidazolium-based ILs (4), where the carboxylic anion 
can be replaced quantitatively with a range of other hydrophilic 
anions, allowing fine-tuning of the physicochemical properties 
of the IL. In addition, we exploit the sulfanyl group to generate 
TSILs (5–8) using straightforward Michael addition chemistry. 
Importantly, our modification strategies leave the anion intact 
and avoid the introduction of ionic impurities such as halides. 

Results and Discussion 

Precursors  

The key one-step reaction towards precursors 1–3 is based on 
the ring opening reaction of thiirane by an N-substituted 2-
methylimidazole using a carboxylic acid anhydride as solvent 
(Table 1). This approach allows for the presence of a methyl 

group at the imidazole’s 2-position instead of the labile 
proton11c,21 that is present in many commercial ILs. The 
reaction generates the imidazolium cation in the presence of a 
carboxylate counter ion, free from any ionic impurities. The 
reaction conditions required optimization to obtain sufficiently 
high yields, but even at optimized conditions (entries 6 and 7) 
the reaction is still relatively slow.   
Experiments showed that decreased thiirane concentrations 
(entries 1 and 2) slightly lower the yield. Reactions at excess 
sulfide concentrations were not considered as thiirane 
oligomerization is anticipated to compete. The anhydrides 
required distillation prior to use, since acid impurities (entry 3) 
inhibited the reaction, presumably the result of protonation of 
the imidazole rendering it unreactive. Heating the reaction 
mixture to 35 °C (entries 4 and 5) increases the reaction rate, 
however, the formation of side products limited the total yield 
obtained (vide infra).22  
Carrying out the reaction in the presence of other acid 
anhydrides, such as propionic, valeric and pivalic anhydrides 
introduces the opportunity to tune the properties of the 
precursor and subsequently derived ionic liquids in one single 
step by simply replacing the carboxylate anion. The use of 
more sterically hindered anhydrides substantially reduces the 
reaction rate (entries 7−10). On the other hand, reaction with 
more activated anhydrides such as trifluoroacetic anhydride 
fails entirely (entry 11).  
If one simply considers the reaction as two consecutive steps —
first the ring opening of the thiirane by the attack of the 
imidazole followed by the fast quenching of the thiolate anion 
by the anhydride solvent— one would not expect a strong 
dependency of the anhydride on the rate. In line with our 
experimental observations, we anticipate that a more complex 
reaction sequence is involved (Scheme 2).  

 
Scheme 1 Generic IL/TSIL precursor approach. Precursors 1–3 can be modified to

either yield standard ILs 4 with a range of counter ions or to give TSILs 5–8, also

with a range of counter ions. 

Table 1  Reaction conditionsa and yieldsb for the precursor synthesis. 

 

Entry R R’ 
Molar reactant ratios 

Product Time (days) Yield (%) 
N-alkyl-2-methylimidazole thiirane anhydride 

1 
2 
3c 
4d 
5d 
6 
7 
8 
9 
10 
11 
12 
13 

CH3 
CH3 
CH3 
CH3 
CH3 
CH3 
CH3 

CH2CH3 
(CH2)3CH3 

C(CH3)3 
CF3 
CH3 
CH3 

CH3 
CH3 
CH3 
CH3 
CH3 
CH3 
CH3 
CH3 
CH3 
CH3 
CH3 

(CH2)5CH3 
(CH2)11CH3 

1
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 

5
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

1a 
1a 
1a 
1a 
1a 
1a 
1a 
1b 
1c 
1d 
1e 
2a 
3a 

1 
7 
7 
1 
7 
7 
14 
14 
14 
14 
14 
14 
14 

10
58 
0 
35 
38 
64 
81 
60 
56 
30e 
n.d.f 
77 
48 

a Reaction conditions: neat (no solvent) typically 1 mL imidazole scale, room temperature, argon atmosphere. b Yields determined from 1H NMR spectra of the reaction mixture. c 

Addition of 0.5 mL acetic acid. d Reaction at T = 35 °C. e Product precipitated from the reaction mixture as a white solid. f n.d. = not determined. 
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We propose that ionic liquids 1–3 are formed by a ring opening 
reaction of thiiranium III by 1-alkyl-2-methylimidazole I 
(Scheme 2, step iii). This intermediate is formed by the reaction 
of thiirane with the anhydride solvent that is catalysed by the 
imidazole starting material I (steps i and ii) with II as interme-
diate.23 The thiiranium salt III reacts slower with external 
nucleophiles as the R group becomes larger, in line with the 
reduced reaction rates for bulkier anhydrides. In a competing 
side reaction IV (step iv) is generated. The rate of the 
íntramolecular reaction iv will be independent of the alkyl 
substitution of I. As the rate of product formation decreases 
with the increasing alkyl tail size, the yields of precursor 1–3  
decrease as the competing side reaction becomes, relatively, 
progressively faster (Table 1, entries 7–10).  
The reaction is not limited to small imidazolium-based ILs. 
Intermediate and long aliphatic tails may be introduced at the 1-
position of the starting imidazole, opening the route towards 
(functional) ionic liquid crystals.24 As a demonstration, two N-
alkylated imidazoles were reacted with thiirane in acetic 
anhydride (entries 12 and 13). With the longer alkyl tails, we 
found a reduced solubility in acetic anhydride and to counter an 
additional contribution to the already low reaction rates, the 
reaction mixture may be heated slightly (with the risk of the 
above mentioned side reactions), or, alternatively, n-pentane 
may be added to the reaction mixture.  
The precursors 1–3 were dried under high vacuum for 24 h, 
prior to further analysis. According to 1H and 13C NMR all 
compounds (besides 2a and 3a) present a dimeric counter ion 
that mostly resembles a hydrogen dicarboxylate as only one set 
of peaks are found in the spectra of the anion.25 A dimeric or 
even oligomeric carboxylate anion has been reported for more 
ionic liquids,11c,26 but the relation between the structure of the 
cation and anion to the number of molecules present in the 
anion remains unknown.  
Thioesters 1–3 are versatile and stable precursors towards 
common and functional ILs. In our lab, they are commonly 
stored for months in solution of the carboxylic anhydride they 
were made from without noticeable degradation, but also after 
purification they can be stored for extended periods of time. 
Most of our products are isolated as yellowish liquids (at room 
temperature). Only 1d with the pivalate counter ion is a solid at 

room temperature, which allows for easy purification by 
recrystallization, yielding a white solid.  
In the next sections of the manuscript we will address 
modification procedures of the precursors 1–3, converting the 
thioester group by hydrogenolysis, ammonolysis (or hydrolysis) 
or by an addition reaction to yield either common or functional 
ILs. In parallel, we will discuss and compare two different 
materials: acetate 1a, with the smallest counter ion, its reactions 
are relatively fast; and pivalate 1d, it offers the opportunity to 
generate very pure (TS)ILs with zero optical absorption in the 
visible part of the spectrum, which remains a true challenge in 
the IL field.27  

Hydrogenolysis  

Conventional ILs 4a and 4d of the type EMIm (but with the 
additional stabilizing methyl group at the 2-position) were 
formed by reductive cleavage of the corresponding thioesters 
1a and 1d, respectively (Scheme 3). Although a wide range of 
different catalytic methods to reduce the C–S bond of a 
thioester have been reported,28 only a few would succeed 
preserving the (hydrophilic) counter ion. This requires that 
reagents and byproducts should in principle be non-ionic in 
nature and separable from the reaction mixture. Based on these 
demands, we selected Raney nickel/H2 as the method of choice 
to hydrogenolyze the thioester.29 Raney nickel was thoroughly 
washed with solvents and activated with acetic acid30 (or 
pivalic acid for reactions with 1d) prior to use. In our first 
attempts 1a was subjected to hydrogenolysis under various 
conditions (different solvents: methanol, ethanol or water). The 
reaction was quantitative and rapid (2–4 h). Analysis of the 
crude mixture by NMR, however, showed the absence of any 
acetate signals in the product, indicating complete replacement 
of the counter ion, even when the reaction was stopped after a 
few minutes or when the reaction was run in the presence of 
excess acetic acid.31 Efforts to reintroduce the acetate counter 
ion proved unsuccessful.  

  
Scheme  3  Thioester  hydrogenolysis  towards  conventional  ILs with  carboxylate 

counter ions. Key: (i) H2, RCO2H‐activated Raney Ni, EtOH, room temperature, 1–

16 h, 92%; (ii) AcOH (excess) and precipitation, 98%. 

When pivalate 1d was subjected to the same hydrogenolysis 
conditions, the reaction was much slower (room temperature, 
overnight, quantitative conversion). Remarkably, product 
analysis after purification of the reaction mixture showed the 
pivalate counter ion present in the product, in this case in a 1:1 
ratio to the cation. That is, the additional equivalent of pivalic 
acid present in 1d was not observed in 4d. Subsequent washing 
and precipitation steps allowed for a quantitative ion exchange 

 
Scheme 2 Proposed reaction sequence for the formation of IL precursors 1–3. 
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of 4d into 4a; the latter also missed the additional equivalent 
acetic acid in the product.   

Ammonolysis of the precursors  

To be able to employ the built-in thiol functional group, 
compounds 1a–1d required deacylation. Ammonium and 
imidazolium decorated thiols find application in metal 
nanoparticle stabilization where the sulfide strongly binds to the 
metal (e.g., Au, Pt, Pd) surface.32 The ionic group in these 
coatings facilitates stabilization through Coulombic repulsion. 
Such ligand can be readily obtained through an ammonolysis 
reaction in aqueous ammonia (Scheme 4). Thioester 1a (R = 
CH3) was fully converted to 5a in 30 min. The acetamide 
byproduct was removed by azeotropic distillation with o-
xylene, resulting in a pure product without further purification. 
The resulting thiol, however, was not stable over time under 
basic conditions as a result of oxidative dimerization of the 
thiol to the corresponding disulfide. The rate of dimerization of 
5a, compared to simple aliphatic thiols, was remarkably high 
and heating accelerated dimer formation. Precursors with 
bigger counter ions (1b−1d) were also efficiently 
ammonolyzed, however, the products are much more difficult 
to purify from the amide byproducts. Prolonged heating 
resulted invariably in dimerization of the product. In cases 
when applications require IL dimers, compounds 5a−5d can be 
mildly oxidized in DMSO solution. Reductions from the dimer 
to the free thiol can be carried out using phosphines in the 
reaction mixture.33  

NN
S R

O

O

O

R

NN
SH

O

O

R

1a 1d 5a 5d

i or ii

 
Scheme  4  Precursor  hydrolysis.  Key:  (i)  aq.  NH3,  room  temperature,  30 min, 

quantitative, conversion > 98%; (ii) NEt3, aq. MeOH, room temperature, >5 days 

(no yield determined).  

As an alternative route, hydrolysis was carried out in aqueous 
methanol with triethylamine as a base (Scheme 4). The reaction 
was clean, but much slower than the ammonia route. The low 
reaction rate led to significant dimerization during the raction 
and the pure thiol could only be obtained after an additional 
reduction step.   
 

Functionalization of the precursors  

The strongly nucleophilic thiol is an excellent starting group for 
the introduction of functional groups to generate TSILs.34 We 
demonstrated this concept by performing thia-Michael 
additions with three different acceptors, although many other 
acceptors and even other reactions are conceivable. 

 
Scheme  5  Thiol  functionalization.  Key:  (i)  NEt3,  aq. MeOH, Michael  acceptor 

(acrylonitrile,  ethyl  acrylate  or  penten‐3‐one),  room  temperature,  5  days,  89–

92%; (ii) NEt3, EtOH/H2O (4:1), acrylonitrile, reflux, 5 days, 87%. 

The thia-Michael addition reaction was successfully carried out 
with thiols 5, but we found in our lab that the in-situ hydrolysis 
and Michael reaction gave TSILs in higher yield and purity 
(Scheme 5). To the hydrolysis reaction mixture was added an 
excess of the desired Michael acceptor, which captured the thiol 
from solution. The high reaction rate of the second step, 
compared to the first causes the concentration of thiol to be 
very low during the course of the reaction, efficiently 
preventing dimerization. The reaction was performed with three 
different Michael acceptors: acrylonitrile to yield 6a, ethyl 
acrylate to yield 7a and penten-3-one to give 8a. Typical 
reaction times were of the order of days, as a result of the slow 
hydrolysis reaction at room temperature. Bulky esters, such as 
1b–1d, react even slower and require heating for practical 
application. In our hands, 1d showed full conversion to 6d 
(Scheme 5, conditions ii) without the formation of detectable 
amounts of side products, and thus, yielding a very pure, non-
colored TSIL. 
 

Ion exchange  

The anions of ILs have a large impact on their ultimate 
properties.11a,35 Using our anhydride method, we can introduce 
different carboxylate anions in the first step of the reaction. The 
downside of this approach is that, in particular for the larger, 
more sterically demanding carboxylates, subsequent reactions 
become sluggish. The acetate counter ion, however, allows easy 
exchange with many acids of lower pKa or acids with higher 
boiling temperatures. Scheme 6 shows the exchange reactions 
of 6a to ILs with different carboxylic anions, the same ions as 
prepared for 1. Also less basic (e.g. CF3CO2

−, 6f) are now 
easily accessible, as are the more conventional inorganic anions 
(e.g., BF4

−, 6g). One should note that Michael adducts 
containing acid-sensitive groups such as carboxylic esters will 
be sensitive to hydrolysis in the ion exchange reactions of low 
pKa acids.  
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Scheme  6  Ion‐exchange  reactions.  Key:  (a)  HA  (excess),  MeOH,  room 

temperature,  5  min;  (b)  evaporation  of  the  volatiles  (and  optionally  a 

precipitation procedure).  

As a standard procedure, acetate 6a was dissolved in dry 
methanol under an inert atmosphere. The acid of the desired 
counter ion was added dropwise to the stirred mixture, after 
which the volatiles in the mixture were simply evaporated. 
Subsequent analysis showed that the products 6b−6g were free 
of acetic acid. Potentially included excess acid was removed by 
precipitation of the product in ethyl acetate or diethyl ether and 
subsequent overnight drying with heating in vacuo. This 
straightforward exchange procedure presents an excellent 
alternative for the introduction of the desired anion from the 
anhydride (Table 1). 
 

Table 2   Results of ion exchange and counter ion complexes of 6. 

Entry Anion producta 
yield 

% 
phase at 
25 °C 

# molecules/
 anionb 

1 
2 
3 
4 
5 
6 
7 

CH3CO2
− 

CH3CH2CO2
− 

CH3(CH2)2CO2
− 

(CH3)3CCO2
− 

CHF2CO2
− 

CF3CO2
− 

BF4
− 

  6a 
  6b 
  6c   
  6d c 
  6e 
  6f 
  6g 

90 
92 
86 
92 
97 
87 
92 

Liquid 
Liquid 
Solid 

Liquid 
Liquid 
Liquid 
Solid 

2 
1 
1 
1 
2 
2 

n.d.d 

a Yields for ion exchange reactions are quantitative. b Number of carboxylate/carboxylic 
acid molecules in the anion complex, based on 1H and 19F NMR spectroscopy. c Obtained 
from the direct conversion of 1d with acrylonitrile to 6d (Scheme 5). d n.d. = not 
determined.  

Carboxylates 6c and 6g were obtained as low-melting-point 
solids, whereas the other five end products were room 
temperature ILs (Table 2). Spectroscopic analysis pointed out 
that the ILs with the smaller carboxylic anions form dimeric 
anions11c whereas the larger anions were monomeric in nature. 
Our initial thoughts are that this effect will be dependent on 
size and polarity of the molecule as well as on packing 
arguments in the solid state. At this stage, however, we have an 
insufficiently large data set to indicate which of the parameters 
dominates. Our results do show that both the anion and the 
cation play a role and we stress that in applications of ILs or 
TSILs, sensitive to Brønsted–Lowry acids, the additional 
equivalent of acid should be considered.   

Conclusions 

In this manuscript, we introduce a new precursor to generate 
conventional and functional ILs. The advantages of our 

approach over currently existing approaches are: (i) the 
precursor reaction conditions are very mild, allowing for the 
introduction of different functional groups in the IL; (ii) a wide 
range of hydrophobic and hydrophilic carboxylate anions can 
be readily introduced in the IL; (iii) very pure, non-colored 
materials are accessible; and (iv) a wide range of functional 
groups can be introduced through the (protected) thiol group in 
the precursor. To get to these results, we developed chemistry 
that is fully compatible with ionic liquids (in for instance 
reaction conditions and purification procedures) with a 
particular eye on the retention of the hydrophilic counter ions. 
In future work, we will use this approach to systematically 
change the properties of the counter ion in order to map out 
their effects on the physical properties of the ILs.  
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Experimental section 

As examples, the optimized conditions for the syntheses of 1a, 
4d, 5a, 6a and 6b are given below. Detailed experimental 
procedures, analysis and spectral assignments are provided in 
the electronic supplementary information (ESI). 
3-[2-(Acetylsulfanyl)ethyl]-1,2-dimethyl-1H-imidazolium 
acetate (1a). A mixture of 1,2-dimethylimidazole (10 mmol), 
thiirane (20 mmol) and acetic anhydride (50 mmol) was stirred 
without solvent at 25 °C for 14 days. The crude product was 
dissolved in dichloromethane (10 ml) and precipitated in 
diethyl ether (200 mL). The mixture was centrifuged and the 
ether layer was removed. The product was reprecipitated twice 
and subsequently dried in vacuo to give a brown liquid in 81% 
yield. 1H NMR, 400 MHz, CDCl3, δ ppm: 7.47 (d, 1 H, J = 2.1 
Hz), 7.34 (d, 1 H, J = 2.0 Hz), 4.40 (t, 2 H, J = 6.9 Hz), 3.88 (s, 
3H), 3.28 (t, 2 H, J = 6.9 Hz), 2.78 (s, 3 H), 2.33 (s, 3 H), 1.97 
(s, 6 H). 13C NMR, 125 MHz, CDCl3 δ ppm: 195.29, 175.78, 
144.58, 122.45, 121.84, 47.90, 35.46, 30.50, 28.23, 22.39 (s), 
9.90. HRMS for C9H15N2OS: Calcd: 199.09051. Found: 
199.09157. 
1,2-Dimethyl-3-ethyl-1H-imidazolium pivalate (4d). Prior to 
hydrogenolysis, the Raney nickel catalyst was treated: 1 gram 
of the catalyst was stirred for 15 min in a 0.1 M aqueous pivalic 
acid solution (100 mL). The catalyst was filtered off and 
washed with MilliQ water (5  100 mL) and ethanol (5  200 
mL). Compound 1d (0.5 mmol) was dissolved in ethanol (50 
mL) and a large excess of treated Raney nickel catalyst was 
added. The reaction mixture was stirred overnight under 
hydrogen pressure (50 bar). The catalyst was filtered off, 
washed with ethanol (3  20 mL) and the filtrate was 
evaporated to dryness. The crude product was dissolved in 
methanol (10 mL) and precipitated in diethyl ether (200 mL). 
The product was reprecipitated twice and subsequently dried in 
vacuo, yielding a white solid in 92% yield. 1H NMR, 400 MHz, 
CD3OD, δ ppm: 7.51 (d, 1 H, J = 2.1 Hz), 7.45 (d, 1 H, J = 2.1 
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Hz), 4.17 (q, 2 H, J = 7.3 Hz), 3.79 (s, 3 H), 2.59 (s, 3 H), 1.43 
(t, 3 H, J = 7.3 Hz), 1.15 (s, 9 H). 13C NMR, 125 MHz, 
CD3OD: 186.13, 144.16, 122.17, 120.03, 43.06, 39.43, 33.78, 
27.47, 13.67, 7.87. HRMS for C7H13N2: Calcd: 125.10787. 
Found: 125.10985. 
1,2-Dimethyl-3-(2-sulfanylethyl)-1H-imidazolium acetate 
(5a). Compound 1a (10 mmol) was dissolved in ammonia (100 
mL, 2 M in water) and stirred in an inert atmosphere. After 30 
min. the solution was evaporated to dryness. Additional water 
was removed by the addition and evaporation of toluene (3  
200 mL) and the product was subsequently dried in vacuo to 
yield a brown liquid in >98% conversion. 1H NMR, 400 MHz, 
CDCl3, δ ppm: 7.49 (d, 1 H, J = 2.1 Hz), 7.46 (d, 1 H, J = 2.1 
Hz), 4.45 (t, 2 H, J = 6.5 Hz), 3.78 (s, 3 H), 3.15 (t, 2 H, J = 6.5 
Hz), 2.60 (s, 3 H), 1.85 (s, 6 H). 13C NMR, 100 MHz, CD3OD: 
176.70, 144.93, 122.39, 121.09, 49,98, 35.71, 34.04, 21.35, 
8.38. HRMS for C7H13N2S: Calcd: 157.07994. Found: 
157.08164 
3-{2-[(2-Cyanoethyl)sulfanyl]ethyl}-1,2-dimethyl-1H-imi-
dazolium acetate (6a). A mixture of 1a (1 mmol), 
triethylamine (10 mmol) and acrylonitrile (5 mmol) in ethanol 
(100 mL) was stirred at room temperature for 5 days and 
afterwards dried in vacuo. Analogous to the workup of 1a, the 
crude mixture was dissolved in dichloromethane (10 mL) and 
precipitated in diethyl ether (200 mL) three times. The final 
product was dried in vacuo at 50 °C to yield a brown solid in 
90% yield. 1H NMR, 400 MHz, CDCl3, δ ppm: 7.92 (d, 1H, J = 
2.1 Hz), 7.44 (d, 1H, J = 2.1 Hz), 4.49 (t, 2 H, J = 6.5 Hz), 3.86 
(s, 3 H), 3.17 (t, 2 H, J = 6.5 Hz), 2.84 (t, 2 H, J = 6.4 Hz), 2.72 
(t, 2 H,  J = 6.5 Hz), 2.63 (s, 3 H), 1.94 (s, 6 H). 13C NMR, 75 
MHz, CDCl3, δ ppm: 176.15, 144.42, 122.70, 122.29, 118.77, 
48.10, 35.45, 31.62, 27.79, 23.60, 18.99, 10.23. HRMS for 
C10H16N3S: Calcd: 210.10649. Found: 210.10688. 
3-{2-[(2-Cyanoethyl)sulfanyl]ethyl}-1,2-dimethyl-1H-
imidazolium propionate (6b). To a stirred solution of 5a (10 
mmol) in methanol (10 mL), an excess of propionic acid was 
added. After addition, the reaction mixture was dried in vacuo 
to remove the acetic acid and the crude product was 
precipitated three times from dichloromethane (10 mL) into 
diethyl ether (200 mL) and extensively dried in vacuo at 35 °C 
to yield a brown liquid in 92% yield. 1H NMR, 400 MHz, 
CDCl3, δ ppm: 8.25 (d, 1 H, J = 2.1 Hz), 7.29 (d, 1 H, J = 2.0 
Hz), 4.57 (t, 2 H, J = 6.3 Hz), 3.86 (s, 3 H), 3.10 (t, 2 H, J = 6.3 
Hz), 2.88-2.80 (m, 2 H), 2.80-2.71 (m, 2 H), 2.68 (s, 3 H), 2.24 
(q, 2 H, J = 7.6 Hz), 1.09 (t, 3 H, J = 7.6 Hz). 13C-NMR, 75 
MHz, CDCl3, δ ppm: 178.83, 145.38, 122.96, 121.40, 120.76, 
47.73, 35.21, 31.65, 31.25, 27.37, 18.85, 10.72, 9.67. HRMS 
for C10H16N3S: Calcd: 210.10649. Found: 210.10685. 
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